Introduction
This paper describes the application of a simple, well-designed automated system for the generation of hydrides from arsenic, selenium and similar elements, prior to their analysis by atomic absorption or inductively coupled plasma emission. The design concepts involved are based on continuous-flow principles and the sample measurements are taken directly above a base-line established by continuously pumping blank solution. Flow characteristics ofthe gas/liquid separator are designed to ensure that the hydrides formed are swiftly transferred into the atom cell or ICP torch, and that they have a low residence time or memory effect. Coupled together, these features allow sample analysis times to be reduced to an acceptably low level. The ease of use, reliability of the unit and the performances achieved, using either staff unfamiliar with the equipment or untrained, are put forward as prime examples of automating simple chemical sample-preparation techniques to achieve analytical goals. The basic requirement always being that if a simple system is designed, it will be easier to use and maintain.
The use of hydride generation to assist in the analysis of many metalloidal elements has proved extremely popular, as evidenced by the wealth of published literature [1] [2] [3] . Godden and Thomerson [1] recently published an extensive review on this topic, which provides an excellent introduction to the area. The techniques have been developed primarily for arsenic and selenium, however, many more elements are achieving attention, for example bismuth, tellurium and geranium. Some years ago, attention was focused on mercury and it is now possible to analyse this element using some of the equipment developed. Continuous or batch operation
The vast majority of publications use batch devices which have been automated to a greater or lesser extent. The device described by Renoe [30] presents a state-of-the-art batch system. However, these systems are subject to one major disadvantage--the hydrogen and hydride formed in the reaction chamber are forced into the flame atom cell simultaneously and so disturb the equilibrium conditions (the measured signal being the sum of two disturbances). In many batch systems the apparatus has to be disassembled after one analysis. In contrast, the continuous approach relies on the continuous generation of hydrogen and a steady flow into the analysis device. Despite some objections, both AA analysis and ICP systems can accomodate a reasonable level of hydrogen input without affecting the system. Goulden and Brooksbank [9] described an analytical system based on Technicon Autoanalyser technology; however, this pumped an aluminium slurry and sulphuric acid streams--the latter to dry the hydride prior to entry into an atom cell. Stockwell [31] discussed the inherent disadvantages of the Goulden system and outlined the advantages of the one developed by Dennis and Porter [33] . This system, whilst based on good automation design, was designed to overcome a particular analytical problem: selenium in waste water, and has one major disadvantage in that it is not an inherently simple instrument.
Automating the sodium borohydride system based on continuous-flow principles represents the most reliable approach to commercialization.
Flow-injection analysis systems have been described in the literature but do not offer any degree of simplification. The reliability and ease of use of the system used in this work are put forward as a valid argument for accepting the continuous-flow approach as the method of choice.
Experimental

Reafents
Unless otherwise stated, all reagents were of analytical grade.
Sodium tetrahydroborate (III) (lg, 98%, Aldrich Chemical Co.) was dissolved in sodium hydroxide solution (1.01, 0" mol dm- 3) and filtered prior to use.
The diluent for the arsenic and selenium standards were stabilized with sodium iodide (l%m/v) and sodium bromide (1 m/u) respectively.
Flow rates
The sodium tetrahydroborate (III) solution was pumped at 4.7 ml/min and the acid blank/standard solution at 9.4 ml/min with a constant-speed peristaltic pump. The different flow rates were achieved by using 0"5 and 0.Smmi.d. silicone tubing respectively.
Hydride generator The unit operates two sampling cycles, a time period (T1, 0-200s) during which the blank acid is passed to the 'T' piece and the sample solution goes directly to drain. The second period (T2, 0-300s) occurs immediately after T1, and during this time the sample solution goes to the 'T' piece and the blank acid to the drain. This switch in flows occurs at the end ofT1, and is achieved by the pneumatically actuated six-port valve. The use of a six-, rather than four-, port valve enables a smooth transition between acid blank and sample flows.
The reduction occurs at the 'T' piece and is complete by the time the flows reach the glass gas/liquid separator. At this point, the gaseous products, either hydrogen or hydrogen and hydrides, are separated from the liquid products. The latter flowing via a 'U' tube to a free-running drain and the former being purged, by nitrogen, into the atom cell.
The type of signal obtained is shown in figure 3 . Between A and B, during time period T1, the blank acid is passing to the mixing 'T' and the hydrogen generated enables the blank level to be monitored. At B, T1 ends and the pneumatic valve switches the sample stream to the 'T' piece. The sample solution flows to the 'T' piece during the T2 period, BD, allowing the analyte signal to be monitored above the blank acid level. It can be seen that it takes the signal a finite time, Tr, to rise to its maximum level. This time is a function of the dead space between the switching valve and the atom cell.
Obviously, any analytical measurements taken between B and C would be meaningless; so once the Tr has been characterized for the system it may be set using a variable pre-set timer on the unit. With this time set, the operator is given a visual indication on the front-control panel as to when the signal has reached maximum and so when to commence analytical measurements. At the end ofT2, point D, the blank acid stream is switched to the mixing 'T'. Again The unit possesses one additional feature which is extremely useful in the initial optimization of the analysis; it may be held indefinitely in either T1 or T2 modes. Holding the time cycle in T2 enabled variation of the purge-gas flow rate until the optimum flow was achieved.
Detection system An SP9 atomic absorption system (Pye Unicam Ltd, York St., Cambridge, UK) was used with suitable burner modifications [29] to support the silica 'T' tube. The air and acetylene flows were set so as to provide a stoichiometric flame. The signal from the spectrometer was displayed on both a chart recorder (PM9221, Pye Unicam Ltd) and a reporting integrator (3390A, Hewlett-Packard, Pennsylvania, USA).
The operating conditions for both the hydride generator and spectrometer are given in table 1. 
Results and discussion
The efficiency of operation of the hydride generator may be judged by three criteria; namely throughput, detection levels obtained, and precision of results.
The short time the system takes to reach the maximum signal, Tr, from the onset of T2 and the rapid decay back to the background level, Tm, enable large sample throughputs (see figure 4) . The The difference in signals obtained by outputting the data on both a chart recorder and reporting integrator are shown in figure 5 . The latter device is normally used in recording chromatographic peaks, thus by setting the peak with equal to T2 the integrator acts as a filter for the noise on the signal. The integrator also yielded both peak height and peak area data. No significant increase in precision was gained by using peak area measurements thus peak height was used.
The precision of the technique was 2.3 rsd and 4.2 rsd at the 20 and 0.5 ng/ml levels respectively. This is significantly better than the precision attainable with manual injection methods.
The detection limits obtained using this system were 0.04 and 0.07ng/ml for arsenic and selenium respectively which are competitive with those obtained by other workers in the field. The linear ranges obtained were short, up to 80 and 120 ng/ml for arsenic and selenium respectively, and, as for any absorption technique, are the major disadvantage of the method. 
Conclusion
On the basis of the criteria outlined above, the Plasma-Therm hydride generator is a highly efficient unit. It allows rapid, precise, and sensitive analysis; in addition, it is simple to use..The continuous-flow operation and single-button operation requires a lower level of operator expertise and thus can prove costeffective in a laboratory situation. The unit may accept and relay signals to an external computer to facilitate not only computer operational control but also computer data handling.
The efficiency and simplicity of operation coupled with the unit's robustness make it ideal for routine usage for wide variety of samples. The unit has been used [33] for low level analysis of mercury by the cold-vapour technique using the same acid and reductant concentrations as outlined above.
